27427.0 12.00-US 

UNITED STATES PATENT APPLICATION 



OF 



CHEOL HO HWANG 
MOON SIK KIM 
KI TAE KIM 
DONG YOUNG KIM 



FOR 



STRUCTURE OF ELECTRON GUN FOR COLOR CATHODE RAY TUBE 



McKenna Long & Aldridge LLP 
1900 K Street, N.W. 
Washington, D.C. 20006 
Tel: (202) 496-7500 
Fax: (202) 496-7756 



1 



DCM25843.1 



27427.012.00-US 

[0001] This application claims the benefit of Korean Patent Application No. 
2003-5368 filed on January 27, 2003, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a cathode ray tube, and more particularly, to a 
structure of an electron gun for a color cathode ray tube, capable of minimizing an electron 
beam spot size formed on a fluorescent screen by forming asymmetrical electron beam passing 
holes of a cathode that composes a triode portion of the electron gun. 

Discussion of the Related Art 

[0003] Fig. 1 is a diagram explaining the structure of a cathode ray tube of the related 
art, and Fig. 2 is a diagram explaining the structure of an electron gun of the related art. 

[0004] The cathode ray tube is composed of a panel 50 having a fluorescent screen 15 
formed on an inner surface of the panel, a funnel 60 coupled to the panel 50, forming an 
evacuated envelope, an electron gun 80 for emitting electron beams 13, the electron gun 80 
being housed in a neck portion 7 of the funnel 60, a deflection yoke 12 for deflecting the 
electron beams emitted from the electron gun 80 in the horizontal and vertical directions, and a 
shadow mask 14 with a color selecting function, the shadow mask 14 being disposed at a 
predetermined distance from the fluorescent screen 15. 

[0005] Further, there is an inner shield 20 for shielding the electron beams 13 from the 
influence of external magnetic fields, a mask frame 18 welded to the inner shield 20 for 
supporting the shadow mask 14, and a mask spring 17 for attaching the mask frame 18 to the 
panel 50. 

[0006] With reference to Fig. 2, the electron gun 80 is composed of a cathode 3, a first 
electrode 4 for controlling the amount of electron beams emitted from the cathode 3, a second 
electrode 5 for accelerating the electron beams, the second electrode 5 being disposed at 
predetermined distances from the first electrode, a third electrode 6, a fourth electrode 7, a fifth 
electrode 8, a sixth electrode 9, and a shield cup 10, in which the third electrode through the 
shield cup are disposed at predetermined distances from the second electrode 5 in the cited 
order. 
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[0007] Also, a BSC 1 1 is attached to the shield cup 10 for electrically coupling the 
electron gun 80 to the funnel 60 in a more secure manner. 

[0008] The following describes operation of the electron gun 80 and the cathode ray 
tube. First of all, the electron gun 80 emits electrons from a surface of the cathode 3 when a 
designated voltage is applied through the stem pin 1 that is connected to a built-in heater 2 
inside the cathode 3. The electrons are controlled by the first electrode 4 also called a control 
electrode, and accelerated by the second electrode 5 also called an accelerating electrode. Part 
of the electron beams 13 are focused and accelerated by a focus lens disposed between the 
second electrode 5, the third electrode 6, the fourth electrode 7, and the fifth electrode 8, and 
most of the electron beams 13 are focused and accelerated by a main lens interposed between 
the fifth electrode 8 and the sixth electrode 9, eventually being emitted from the electron gun 
80. 

[0009] The electron beams 13 emitted from the electron gun 80 are then deflected in 
the horizontal and vertical directions by a deflection magnetic field formed by the deflection 
yoke 12. The electron beams 13 undergo a color selection process by the shadow mask 14 and 
are scanned in regular sequence on the fluorescent screen 15, where the electron beams display 
a designated image. 

[00010] Usually, the voltage applied to the first electrode 4 (Vgl) is 0V, and the 

voltages applied to the second through fourth electrodes 5, 6, and 7 (Vg2) range from 400 to 
1000V, and the voltage applied to the fifth electrode 8 (Vf) ranges from 6000 to 10000V. In 
addition, a dynamic voltage is applied to at least one of the third electrodes through the fifth 
electrodes. 

[00011] Fig. 3 is a diagram explaining the electron beam passing holes on the 

first electrode composing the triode portion of the electron gun, and Fig. 4 is a diagram 
explaining the electron beam passing holes on the second electrode composing the triode 
portion of the electron gun. 

[00012] Fig. 3 depicts the electron beam passing holes 41 on the first electrode 4. 

Although the electron beam passing holes 41 can be in diverse shapes, Fig. 3 shows rectangular 
shaped electron beam passing holes 41. 

[00013] In the drawing, v4 denotes a vertical size of the electron beam passing 

hole 41, and h4 denotes a horizontal size of the electron beam passing hole 41. 

[00014] Similarly, Fig. 4 depicts electron beam passing holes 41 on the first 

electrode 4. Again, the electron beam passing holes 5 1 may have diverse shapes, such as, a 
circle or oval, but Fig. 4 illustrates a rectangular shaped electron beam passing holes 5 1 . In the 
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drawing, v5 denotes a vertical size of the electron beam passing hole 51, and h5 denotes a 
horizontal size of the electron beam passing hole 5 1 . Even though they are not shown, electron 
beam passing holes on the third electrode may be circular. As depicted in the drawings, the 
horizontal sizes h4 and h5 and the vertical sizes v4 and v5 for the electron gun are nearly much 
identical for both the first electrode 4 and the second electrode 5. 

[00015] There have been attempts to reduce the horizontal sizes h4 and h5 and 

the vertical sizes v4 and v5 of the electron beam passing holes 41 and 51 hoping to reduce the 
spot size of the electron beam 13 formed on the fluorescent screen 15. However, tremendous 
high precision would be necessary to reduce the horizontal sizes h4 and h5 and/or the vertical 
sizes v4 and v5 of the electron beam passing holes 41 and 5 1 , and it is not easy to fabricate such 
electrode. In fact, this only shortened the life of the cathode 3. 

[00016] As an alternative, some tried to make one size (it could be either the 

horizontal size or the vertical size) relatively larger than the other. When it was done so, 
however, the spot size of the electron beam 13 was enlarged along the direction of the larger 
size, and this phenomenon is not favorable to a high definition cathode ray tube. For instance, 
it is a well known fact that when the horizontal size h4 of the electron beam passing hole on the 
first electrode 4 is larger than the vertical size v4 of the electron beam passing hole, the spot 
size formed on the fluorescent screen 15 is enlarged in the horizontal direction, and this 
eventually deteriorates image quality. In general, the spot size of the electron beam on the 
fluorescent screen is influenced by several factors including lens magnification, repulsive 
space charge (electric) force, and spherical aberration of the main lens. Among the factors, the 
lens magnification does not have much effect on the spot size (Dx), and its utility as a design 
element of the electron gun is very low because there are basic parameters like voltage, focal 
length, and length of the electron gun that are not supposed to be changed. On the other hand, 
the influence of the repulsive space charge force on the spot size (Dst) may indicate a 
phenomenon that the spot size (Dst) is enlarged due to the repulsion and the collision between 
electrons in the electron beam. To obviate such phenomenon, a special design is needed to 
increase an angle in which the electron beams travel (hereinafter, it is referred to as 'emission 
angle'). This may be accomplished by reducing the vertical size v4 and the horizontal size h4 
of the electron beam passing hole 41 on the first electrode 4. 

[00017] The influence of the spherical aberration of the main lens on the spot 

size (Die) may indicate a phenomenon that the spot size (Die) is enlarged due to the difference 
between focal lengths of an electron that passed through a short axis of the lens and an electron 
that passed through a long axis of the lens. Unlike the repulsive space charge force, if the beam 
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emission angle on the main lens is small, the spot size on the fluorescent screen 15 may be 
reduced. To summarize the above discussion, the spot size (Dt) on the fluorescent screen 15 
may be expressed as follows: 

Dt = ^(Dx + Dst) 2 + Die 2 

[00018] Another example of a method for reducing the spot size is to increase the 

size of the main lens. According to this method, the spot size does not get bigger just because 
of the spherical aberration in the main lens, even when an electron beam with a large emission 
angle is emitted. Rather, it is possible to make the spot size on the fluorescent screen very 
small using this method because the repulsive space charge force decreases when passing 
through the big main lens. In other words, the repulsive space charge force and the spherical 
aberration in the main lens can be minimized simply by using a bigger main lens. 

[00019] There is though a limit to the size of the main lens. The main lens should 

not be larger than a predetermined size, and it may not be easy either to make the main lens 
large. As an alternative, the emission angle of the triode portion, besides the main lens, may be 
increased. To increase the emission angle at the triode portion, the size of the electron beam 
passing holes 41 and 51 on the first electrode 4 and the second electrode 5, respectively, should 
be reduced. However, reducing the size of the electron beam passing holes 41 and 51 may 
result in the deterioration of the life of the cathode 3. To overcome the above problem, some 
have used an impregnated cathode for sustaining the life of the cathode 3. However, this only 
increases the cost. Reducing the size of the electron beam passing holes 41 and 51 may also 
effect the alignment characteristic and further reduce the yield of the cathodes in addition to 
reducing the life of the cathodes. 

[00020] Fig. 5 is a diagram explaining horizontal sizes of the electron beam 

passing holes on the first and second electrodes composing the triode portion of the electron 
gun, and Fig. 6 is a diagram explaining vertical sizes of the electron beam passing holes on the 
first and second electrodes composing the triode portion of the electron gun. As shown in Figs. 
5 and 6, the horizontal size h4 of the electron beam passing hole may be substantially identical 
with the vertical size v4 of the electron beam passing hole on the first electrode 4, or the 
horizontal size h4 may be slightly larger than the vertical size v4. As the horizontal size h4 of 
the electron beam passing hole on the first electrode 4 is slightly larger than the vertical size v4, 
the spot size is also laterally elongated. Similarly, the horizontal size h5 of the electron beam 
passing hole may be substantially identical with the vertical size v5 of the electron beam 
passing hole on the second electrode 5, or the horizontal size h5 may be slightly larger than the 
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vertical size v5. As the horizontal size h5 of the electron beam passing hole on the second 
electrode 5 is slightly larger than the vertical size v5, the spot size is also laterally elongated. 
However, because the first electrode 4 and the second electrode 5 may act as a quadropolar 
electrode, vertically elongating the electron beams 13, the electron beams 13 may be 
substantially elongated in the vertical direction even before they pass through the main lens. 
The moment the electron beams 13 pass through the main lens, they may again be laterally 
elongated. Hence, by the time the electron beams strike the fluorescent screen 15, the 
horizontal size and vertical size of the beam spot may be almost same. In this manner, 
small-sized electron beam spots may be formed on the fluorescent screen 15. However, if the 
horizontal sizes h4 and h5 and the vertical sizes v4 and v5 of the electron beam passing holes 
on the first electrode 4 and the second electrode 5 were asymmetric to each other for the 
purpose of increasing such effect, that is, if the vertical sizes v4 and v5 are relatively smaller 
than the horizontal sizes h4 and h5, it would only drastically shorten the life of the electron gun. 

[00021] For this reason, the ratio of the horizontal sizes h4 and h5 to the vertical 

sizes v4 and v5 of the first electrode 4 and the second electrode 5 of the triode portion in the 
electron gun may not be larger than 1.3. That is, the horizontal sizes h4 and h5 may be slightly 
larger than the vertical sizes v4 and v5. As discussed before, reducing the horizontal sizes h4 
and h5 and the vertical sizes v4 and v5 of the electron beam passing holes on the first electrode 
4 and the second electrode 5 may reduce the life of the electron gun and may cause a fatal 
defect to the alignment of the electrode assembly, consequently lowering the yield. Also, 
reducing the horizontal sizes h4 and h5 and the vertical sizes v4 and v5 of the electron beam 
passing holes on the first electrode 4 and the second electrode 5 may not help to reduce the spot 
size of the electron beam. 

[00022] As in the related art, trying to reduce the electron beam passing holes 

formed on the first electrode 4 and the second electrode 5 to keep abreast with a trend to 
large-sized and high definition cathode ray tubes may result in reducing the life of the cathode 
3. Further, if the electron gun is adapted to the cathode ray tube, the spot size on the fluorescent 
screen may be enlarged because the deflection force is stronger on the periphery of the screen 
than the central portion of a big screen of the cathode ray tube. 

[00023] Fig. 7 is a diagram explaining the relation between the spot formed on 

the central portion of the screen and current density in the cathode ray tube. As the graph 
illustrates, in the structure of the electron gun for the known cathode ray tube, the slope of the 
current density of the peripheral portion and central portion of the electron beams formed on 
the central portion of the screen may be smooth because the spot sizes of the electron beams are 
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large. Therefore, the structure of the electron gun may not be adaptable to cathode ray tubes 
with high definition and high brightness. 

SUMMARY OF THE INVENTION 

[00024] Accordingly, the present invention is directed to structure of electron 

gun for color cathode ray tube that substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art. 

[00025] An advantage of the present invention is to solve at least the above 

problems and/or disadvantages and to provide at least the advantages described hereinafter. 

[00026] Another advantage of the present invention is to solve the foregoing 

problems by providing a cathode ray tube having a high brightness and a reduced spot size on a 
front surface of the screen, to meet the demands of improving the focus characteristics on a 
high definition and wide-angled screen. 

[00027] The foregoing and other advantages may be realized by providing a 

cathode ray tube mounted with an electron gun including: a triode portion consisting of a 
cathode, and a first and second electrodes for controlling and accelerating electron beams 
emitted from the cathode, and a plurality of focus electrodes for focusing the electron beams, 
wherein a ratio of a vertical size to a horizontal size of an electron beam passing hole formed on 
the first electrode ranges from 1.5 to 4.3. 

[00028] To achieve these and other advantages and in accordance with the 

purpose of the present invention, as embodied and broadly described a cathode ray tube has an 
electron gun, including: a triode portion consisting of a cathode, and a first and second 
electrodes for controlling and accelerating electron beams emitted from the cathode, and a 
plurality of focus electrodes for focusing the electron beams, wherein a ratio of a vertical size to 
a horizontal size of an electron beam passing hole formed on the first electrode ranges from 1.5 
to 4.3; and a vertical size of an electron beam passing hole formed on the second electrode is 
greater than a horizontal size of the same. 

[00029] Additional features and advantages of the invention will be set forth in 

the description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention will 
be realized and attained by the structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 
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[00030] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

[00031] The advantages of the present invention may be realized and attained 

as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00032] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description serve to 
explain the principles of the invention. 

[00033] In the drawings: 

[00034] Fig. 1 is a diagram explaining the structure of a cathode ray tube of the 

related art; 

[00035] Fig. 2 is a diagram explaining a structure of an electron gun of the 

related art; 

[00036] Fig. 3 is a diagram explaining electron beam passing holes on a first 

electrode composing a triode portion of the electron gun; 

[00037] Fig. 4 is a diagram explaining electron beam passing holes on a second 

electrode composing a triode portion of the electron gun; 

[00038] Fig. 5 is a diagram explaining horizontal sizes of the electron beam 

passing holes on the first and second electrodes of the triode portion of the electron gun; 

[00039] Fig. 6 is a diagram explaining vertical sizes of the electron beam passing 

holes on the first and second electrodes of the triode portion of the electron gun; 

[00040] Fig. 7 is a diagram explaining the relationship between the spot formed 

on a central portion of the screen and current density in the cathode ray tube; 

[00041] Fig. 8 is a diagram explaining the horizontal sizes of electron passing 

holes on a first electrode and a second electrode composing a triode portion of an electron gun 
for a cathode ray tube according to the present invention; 

[00042] Fig. 9 is a diagram explaining the vertical sizes of electron passing holes 

on the first electrode and the second electrode composing the triode portion of the electron gun 
for a cathode ray tube according to the present invention; 
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[00043] Fig. 10 is a diagram explaining the relationship between the spot size 

and the ratio of the vertical size (v4) of the electron beam passing hole to the horizontal size 
(h4) of the electron beam passing hole formed on the first electrode 4 in the cathode ray tube 
according to the present invention; 

[00044] Fig. 1 1 is a diagram explaining the horizontal sizes of electron beam 

passing holes in another embodiment of the present invention; 

[00045] Fig. 12 is a diagram explaining the vertical sizes of electron beam 

passing holes in another embodiment of the present invention; 

[00046] Fig. 13 is a diagram explaining the horizontal sizes of electron beam 

passing holes in another embodiment of the present invention; 

[00047] Fig. 14 is a diagram explaining the vertical sizes of electron beam 

passing holes in another embodiment of the present invention; 

[00048] Fig. 15 is a diagram explaining the relationship between an emission 

radius and a ratio of the vertical size (v4) of the electron beam passing hole to the horizontal 
size (h4) of the electron beam passing hole formed on the first electrode of the electron gun for 
a cathode ray tube according to the present invention; and 

[00049] Fig. 16 is a diagram explaining the relationship between a spot and a 

current density on a central portion of the screen in a cathode ray tube according to the present 
invention. 

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS 

[00050] Reference will now be made in detail to an embodiment of the present 

invention, example of which is illustrated in the accompanying drawings. 

[00051] Fig. 8 is a diagram explaining the horizontal sizes of electron passing 

holes on a first electrode 4 and a second electrode 5 composing a triode portion of an electron 
gun for a cathode ray tube according to the present invention, and Fig. 9 is a diagram explaining 
the vertical sizes of electron passing holes on the first electrode 4 and the second electrode 5 
composing the triode portion of the electron gun for a cathode ray tube according to the present 
invention. 

[00052] Suppose that 'h4' and 'v4' denote the horizontal size and the vertical 

size of an electron beam passing hole on the first electrode 4 of the electron gun for the cathode 
ray tube according to the present invention, and 'h5' and 'v5' denote the horizontal size and the 
vertical size of an electron beam passing hole on the second electrode 5 of the electron gun. As 
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shown in the drawings, the vertical size v4 of the electron beam passing hole formed on the first 
electrode 4 may be relatively larger than the horizontal size h4 of the same. Also, the vertical 
size v5 of the electron beam passing hole formed on the second electrode 5 may be relatively 
larger than the horizontal size h4 of the same. 

[00053] Unlike the related art, in which a spot size formed on a fluorescent 

screen was reduced by reducing the sizes of electron beam passing holes formed on the first 
electrode 4 and the second electrode 5, or by enlarging the horizontal size and reducing the 
vertical size, the present invention suggests a new method for reducing the spot size by making 
the vertical sizes v4 and v5 much larger than the horizontal sizes h4 and h5, without changing 
the horizontal sizes h4 and h5 of the electron beam passing holes formed on the first electrode 4 
and the second electrode 5. More specifically, the ratio of the vertical size v4 of the electron 
beam passing hole formed on the first electrode 4 to the horizontal size h4 may be in the range 
of 1.5 to 4.3. Further, the ratio of the vertical size v5 of the electron beam passing hole formed 
on the second electrode 5 to the horizontal size h5 may be greater than or equal to 1 .5. In short, 
the horizontal sizes and vertical sizes of the electron beam passing holes satisfy the following 
relations: 

4.3 x h4 > v4 > 1.5 x h4; and 

v5> 1.5 xh5 

[00054] If the vertical size v4 of the electron beam passing hole formed on the 

first electrode 4 is comparatively larger than the horizontal size h4, the cross over gets larger 
and the spot size is also enlarged. However, if the vertical size v4 of the electron beam passing 
hole gets larger than a designated ratio to the horizontal size h4, the cross over disappears and 
the spot size is reduced. For instance, when the vertical size v4 of the electron beam passing 
hole is at least 1.5 times larger than the horizontal size h4 of the same, there is no more cross 
over and the spot size is reduced. However, if the vertical size v4 of the electron beam passing 
hole is larger than the designated ratio to the horizontal size h4, the spot size is gradually 
enlarged, and if the vertical size v4 of the electron beam passing hole is at least 4.3 times larger 
than the horizontal size h4 of the same, the electron beams collide with the electrode. In 
another embodiment of the present invention, the ratio of the vertical size v4 of the electron 
beam passing hole formed on the first electrode 4 to the horizontal size h4 may be in the range 
of 1.9 to 3.5, to minimize the spot size on the screen. The horizontal size h4 and the vertical 
size v4 may satisfy the following relationship: 

[00055] 3.5 x h4 > v4 > 1.9 x h4. 
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[00056] As described above, the size of the electron beam passing hole does not 

need to be reduced in order to reduce the spot size of the electron beam. Instead, the spot size 
of the electron beam may be reduced more readily by increasing the vertical size v4 of the 
electron beam passing hole to be greater than 1.5 times or 1.9 times of the horizontal size h4 of 
the electron beam passing hole to eliminate cross over. Because the size of the electron beam 
passing hole is not being reduced, problems associated with the shortened life span of the 
electron gun, difficulties of manufacturing the electron gun, and reducing the spot size may be 
resolved by adopting the present invention. 

[00057] Fig. 10 is a diagram illustrating the relationship between the spot size 

and the ratio of the vertical size (v4) of the electron beam passing hole to the horizontal size 
(h4) of the electron beam passing hole formed on the first electrode 4 in the cathode ray tube 
according to the present invention. In the drawing, a spot size of value * 1 ' indicates that the 
ratio of the vertical size v4 of the electron beam passing hole to the horizontal size h4 is 1. As 
shown in Fig. 10, the spot size changes in accordance with the ratio of the vertical size v4 to the 
horizontal size h4. 

[00058] For example for small a value of v4/h4 the spot size increases in 

proportion to an increase of the ratio of v4/h4. Then when the ratio v4/h4 becomes greater than 
a designated ratio, the cross over disappears and the spot size of the electron beam is reduced. 
After a certain point, the spot size of the electron beam increases again versus v4/h4. Fig. 10 
shows that a ratio v4/h4 in the range of 1 .5 to 4.3 produces a spot size of less than 0.8. An even 
smaller spot size is obtained when the ratio v4/h4 is in the range of 1 .9 to 3.0. 

[00059] Fig. 1 1 is a diagram illustrating the horizontal sizes of electron beam 

passing holes in another embodiment of the present invention, and Fig. 12 is a diagram 
illustrating the vertical sizes of electron beam passing holes in another embodiment of the 
present invention. Referring to Figs. 1 1 and 12, the horizontal size of a first side (i.e., on the 
cathode side) of the electron beam passing hole formed on the first electrode 4 may be h4 and 
the horizontal size may be h4' on a second electrode side. Likewise, the vertical size of a first 
side of the electron beam passing hole formed on the first electrode may be v4 and the vertical 
size may be v4' on a second electrode side. To get a smaller spot size, the electron beam 
passing hole formed on the first electrode 4 should have different sizes on the first and second 
sides of the first electrode, and the ratio of the vertical size v4 to horizontal size h4 of the 
electron beam passing hole on the first side should be equal to or less than the ratio of the 
vertical size v4' to horizontal size h4' of the electron beam passing hole on the second 
electrode side. In summary, the following relationship should be met: 
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[00060] (v47h4') > (v4/h4). 

[00061] Moreover, the horizontal size h4' and vertical size v4' of the electron 

beam passing hole formed on the first electrode 4 are greater than the horizontal size h4 and 
vertical size v4 of the electron beam passing hole. As shown in the drawing, a slot is formed in 
a direction from the plate-shaped first electrode 4 to the second electrode 5. In one 
embodiment of the present invention, the ratio v4/h4 may be equal to or greater than 1.5, and 
the ratio v4'/h4' may be equal to or greater than 1 .5. This may be summarized as follows: 

[00062] v4>1.5xh4, 

[00063] v4'> 1.5 xh4', and 

[00064] v5> 1.5 xh5. 

[00065] When the above conditions are met, it may be easier to reduce the 

vertical size of the electron beam formed on the fluorescent screen, and this makes it possible to 
reduce the spot size. 

[00066] Fig. 13 is a diagram showing the horizontal sizes of electron beam 

passing holes in still another embodiment of the present invention, and Fig. 14 is a diagram 
showing the vertical sizes of electron beam passing holes in still another embodiment of the 
present invention. The structure of the electron beam passing hole illustrated in Figs. 1 3 and 14 
is similar to that of the Figs. 1 1 and 12. The difference between two embodiments is that the 
structure of the second electrode 5 is similar to the structure of the first electrode 4, namely the 
second electrode has a horizontal size h5 on the first side (i.e., on the first electrode side) and 
the horizontal size h5' on the second side (i.e., near the third electrode side) may be different 
from each other. Similarly, the vertical size v5 on the first side may be different from the 
vertical size v5' on the second side. In other words, the slot is formed not only on the first 
electrode 4 but also on the second electrode. To reduce the spot size of the electron beam, the 
following conditions should be met: 



[00067] v4> 1.5 xh4, 

[00068] v4'> 1.5 xh4\ 

[00069] v5>1.5xh5, 

[00070] v5'>1.5xh5\ and 

[00071] v4>v5\ 

[00072] As such, it is possible to reduce the spot size formed on the fluorescent 
screen by making the vertical size v4 equal to or greater than the vertical size v5\ 
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[00073] Fig. 15 is a diagram explaining the relationship between an emission 

radius and the ratio of v4/h4 of the electron beam passing hole formed on the first electrode of 
the electron gun for a cathode ray tube according to the present invention. When the ratio of 
v4/h4 increases from 1 to 1 .4, the cross over as well as the emission radius in the vertical 
direction are increased. However, when the ratio of h4/v4 is greater than 1.5, the cross over 
disappears. Between 1.5 and 4.3 for the ratio, the cross over seems to increase at first and then 
it disappears when the ratio reaches 4.3. Also, the emission radius in the range from 1.5 to 4.3 
is gradually reduced. Finally, when the ratio of h4/v4 is greater than about 4.3, the emission 
radius increases rapidly, and the electron beams collide with the electrode. Therefore, for one 
embodiment of the present invention the range for the ratio of h4/v4 may be from 1 .5 to 4.3. 

[00074] Fig. 16 is a diagram explaining the relationship between a spot and 

current density on a central portion of the screen in a cathode ray tube according to the present 
invention. Comparing Fig. 6 to Fig. 7, it is evident that the spot size on the central portion of 
the screen is noticeably reduced, and the slope of the current density is now much steeper. It is 
better to have a smaller beam spot size and a higher current density to be applied to a high 
brightness and wide angle cathode ray tube. 

[00075] In conclusion, increasing the vertical size of the electron beam passing 

holes formed on the first and second electrodes means that the life span of the cathode does not 
have to be shortened and it becomes much easier to manufacture the electrode. Moreover, the 
present invention may be advantageously used for improving the brightness of the cathode ray 
tube by emitting electron beams with a high current density. Further, because the spot size on 
the screen is now 30-40% smaller than that of the related art, resolution of the cathode ray tube 
may be greatly improved as well. 

[00076] The foregoing embodiments and advantages are merely exemplary and 

are not to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended to be 
illustrative, and not to limit the scope of the claims. Many alternatives, modifications, and 
variations will be apparent to those skilled in the art. In the claims, means-plus-function 
clauses are intended to cover the structures described herein as performing the recited function 
and not only structural equivalents but also equivalent structures. 

[00077] It will be apparent to those skilled in the art that various modifications 

and variation can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
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variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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